Three renders commonly used in the Czech Republic on the exterior side of building envelopes are exposed for 2 years to the environmental conditions of the city of Prague. The effect of external environment on their possible damage is monitored using the measurement of a variety of material properties in selected time intervals. The experimental results do not show any significant deterioration of most parameters during the 2-year investigation period. The open porosity is found to decrease with time due to the continuing hardening processes. The mechanical properties are thus improved after 1 year of exposition and only little worsened after the second year. The changes in the pore structure also result in deceleration of water-and water-vapor transport and a slight increase of thermal conductivity. The obtained results will serve as reference data for finding a correlation between the accelerated laboratory tests and the behavior of analyzed materials in real building structures.
INTRODUCTION
Plasters belong to the most common external surface layers of building envelopes in many European countries. They present a low-cost solution and their application requires only basic technological skills which are the most important arguments for their frequent use. They have been used since Ancient Rome; firstly as mixtures consisting of quicklime and pozzolanic additives. Nowadays, various types of binders, such as gypsum, gypsum-lime, magnesium, quicklime, hydraulic lime, lime-pozzolan, lime-cement or cement [1] , are commonly used for that purpose. Cement-or lime-cement plasters have better strength, but their appearance on buildings might seem rough and unnatural. Therefore, their use for historical building is not recommended. They are appropriate for facades subjected to higher wear or moisture effects. Lime plasters are the most widely used form of surface finishing for reconstruction and maintenance of architectural heritage. They can be applied as pure lime plasters or plasters modified by organic or inorganic admixtures. By the addition of pozzolans in the mixture composition, their mechanical properties and resistance to deteriorating influences can be enhanced [1] . Currently, the most frequently used pozzolan in lime plasters is metakaolin, despite its high price [2] [3] [4] [5] [6] , volcanic ashes, sedimentary rocks, crushed brick, ceramic powder, or different types of fly ashes are applied less often.
Plasters present the face of the majority of buildings and therefore are exposed to environmental deteriorative effects. In the conditions of Central Europe, the main deterioration mechanisms are physical and chemical. One of the main factors affecting their durability is the permeability of the material. Penetration of water into the plaster structure can in winter time result in severe damage caused by repeating cycles of freezing and thawing [7, 8] . Water often brings along dissolved sulfates, chlorides, or gaseous pollutants starting various deteriorating processes such as alkali-silica reaction, crystallization of salts, or carbonation [9, 10] . Therefore, the appropriate pore volume and pore size distribution is of great importance. The amount of pores in a plaster can be reduced by the incorporation of pozzolanic admixtures. Thanks to the pozzolanic reaction, which develops later in time, a denser microstructure is formed. On the other hand, if the plasters should have a lower density and still provide a good protection against moisture effects, hydrophobic and foaming agents are used [11] [12] [13] .
In this paper, several plasters commonly used either in contemporary buildings or in building renovation works in the Czech Republic are analyzed. The time duration of the experiment is 2 years while testing a part of the specimens is performed after 1 year and the second part is subjected to the same tests after two years. Reference samples are tested as well, for the sake of comparison.
MATERIALS
Three different types of plasters, which are commonly used in the Czech Republic, were studied, namely a core plaster, a lightweight plaster and a redevelopment plaster ( Table 1) . The samples were prepared according to the recommendations of the producer (Baumit, s.r.o.). The water to dry substances ratio was determined for each plaster separately to get the same consistency, which was tested according to ČSN EN 1015-3 [14] . The flow was measured in two perpendicular directions until the values of 160/160 mm were reached. One set of studied plasters was subjected to the experiments just after the 28-days curing period (it is marked as "ref" in the subsequent sections), another two sets were exposed to the outside environment in a test facility located in the city of Prague and tested after 1 and 2 years after preparation. The upper horizontal surfaces of the specimens were covered so that the wind, rain, snow and sun radiation affected only the vertical surfaces, similarly as in their practical application on building site.
RESULTS AND DISCUSSION

Basic physical properties
The basic physical properties comprising the bulk density, ρ V, [kg/m 3 ], matrix density, ρ mat, [kg/m 3 ] and total open porosity, ψ 0, [%] were measured by means of water vacuum saturation and helium pycnometry methods [15] . The measurements by water vacuum saturation method are summarized in Table 2 , and the results obtained by helium pycnometry are given in Table 3 .
The lightweight plaster marked as BT exhibited the lowest bulk density and highest open porosity, the core plaster BJ was on the opposite side in that respect. BJ exhibited a significant decrease in open porosity with time. The measurement by water vacuum saturation method after 2 years showed a 20% lower value, as compared to the initial value. For the other two plasters the decrease was lower, 10% for BP and only 6% for BT. This could be attributed to the continuing hardening processes. The helium pycnometry tests were in accordance with the results of water vacuum saturation measurements. The pore-size characteristics were measured by mercury intrusion porosimetry. The experiments were carried out by Pascal 140 and Pascal 440 devices. The results in the form of cumulative and incremental pore size distribution curves are given in Figs 1 and 2 , respectively. The cumulative pore size distribution curves showed after 1 year a decrease in pore volume over the whole pore size range analyzed. The pore size distribution curves revealed that the lightweight plaster had the highest amount of pores above 1 µm, that is, it contained a majority of capillary pores. The other two plasters had much lower pore volume in that region. The changes of pore size distribution with time were similar for all three plasters.
Mechanical properties
The measurement of bending strength was made by a common three-point bending test on 40 × 40 × 160 mm specimens, using an MTS 100 device. The compressive strength was determined by an EU 40 device on the fragments left over after the bending strength measurement. The experiments were performed according to the standard ČSN EN 1015-11 [16] . The dynamic modulus of elasticity was measured by a Proceq Pundit Lab ultrasonic device equipped by 54 kHz probes on specimens with dimensions 40 × 40 × 160 mm. Figures 3-5 show that the redevelopment plaster BP exhibited the best performance, as for the mechanical properties. Both compressive and bending strength had the highest values after one year of exposition and then slightly decreased. Apparently, during the first year the hardening processes (hydration or carbonation) indicated already in the porosity measure- ments were still in progress, while later the deteriorating effects of the surrounding environment prevailed.
Frost resistance
The freeze/thaw resistance tests were performed according to ČSN 72 2452 [17] . The samples were submerged in water and exposed to 10 freezing and thawing cycles. The freezing cycle lasted 8 hours at −15°C and thawing took another 8 hours at +20°C. After each cycle the samples were subjected to compressive strength test. The decrease in strength was then considered the indicator of the freeze-thaw deterioration. The worst frost resistance (Table 4) was found for the lightweight plaster, as the compressive strength decreased by 59%. The core plaster and redevelopment plaster behaved better, the decrease was 23% and 27%, respectively. 
.1 Transport of water vapor
The water vapor diffusion resistance factor µ [-] was measured by the dry-and wet cup methods [18] . The cups were placed in a controlled climatic chamber with 50% relative humidity. In the dry cup method, silica gel was used, while in the wet cup method, water was placed in the cup. The results are presented in Table 5 . The highest µ values were observed for the core plaster BJ, followed by the redevelopment plaster, while the lightweight plaster BT was the material most open to water vapor transport. The water vapor diffusion resistance increased with time in all cases. The lightweight plaster showed the highest increase, 25% for the dry-cup and 44% for the wet cup method, the lowest growth was found for the core plaster BJ.
Transport of liquid water
The water absorption coefficient A [kg/m 2 s 1/2 ] and moisture diffusivity κ [m 2 /s] were determined in a water absorption experiment [19] . The studied plaster specimens (50 × 50 × 50 mm) were immersed 1-2 mm into water and their mass was recorded by a digital balance [20] .
The highest values of water absorption coefficient (Table 6) were observed for the core plaster BJ but on the other hand, its decrease in time was the most pronounced for this material (25% after 2 years of exposition, as compared to the initial value). The lightweight plaster exhibited a 22% decrease after 2 years, the redevelopment plaster showed an increase of A after 1 year and then a slight decrease.
Water vapor sorption
The desiccator's method was used for the measurement of water vapor adsorption and desorption isotherms [21] . The test was carried out on 40 × 40 × 40 mm samples.
The obtained results are presented in Fig. 6 . It can be seen that the lightweight plaster BT was the material most likely adsorbing moisture. It also exhibited the widest hysteresis between the water vapor adsorption and desorption curves. The core-and redevelopment plasters showed a much lower capability of water vapor sorption.
Thermal properties
The thermal conductivity λ [W/mK] and specific heat capacity c [J/kgK] were determined by an ISOMET 2,114 device [22] working on the heat pulse principle. Thermal parameters of the studied plasters in dry state and water saturated state are given in Tables 7 and 8 . Apparently, after the exposure to external environment, the thermal conductivity of all plasters increased which was mainly due to the decreased porosity. The lightweight plaster BT exhibited the lowest thermal conductivity while the core plaster BJ showed the highest values. Figures 7 and 8 show that the thermal conductivity of all studied materials was strongly dependent on moisture content, in the case of BT the increase was even 85%. 4 CONCLUSIONS The properties of three plasters commonly used in the Czech Republic were investigated. The analyzed specimens were exposed for 2 years to the outside environment in a test facility in Prague, where the effects of rain, snow, wind, sun radiation, and low temperatures on their possible damage were studied. The basic physical properties, mechanical properties, frost resistance, hygric and thermal properties of the analyzed materials were determined at first before exposition to the weather conditions, just after the 28-days curing period, and then after 1 and 2 years in the outside environment. The experimental results did not show any significant deterioration of most parameters during the 2-year investigation period. The open porosity was found to decrease with time due to the continuing hardening processes. The mechanical properties were improved after one year of exposition and only little worsened after the second year. The changes in the pore structure resulted also in deceleration of waterand water vapor transport and a slight increase of thermal conductivity.
